B. Kamei
The present investigations were undertaken in order to make good this shortcoming in the previous work from this Laboratory with results more or less differing from the latter. The chinhydron electrode was again em ployed, but the determination carried out at the body temperature at the moment of collecting blood. For doing this the hydrogen electrode of Hou was applied with modification for a small amount of blood as 0.5 c. c. About 3 to 4 c. c. blood are required in each determination for the electrode of Hou; the blood loss must be limited as much as possible, since hae morrhage, if more or less excessive, might interfere with the outcome of in vestigations such as these, on the one hand, and it is highly recommend able to investigate the blood as frequently as possible on the other hand.
In addition to this direct method of determining the hydrogen ion con centration of blood, we tried to calculate it indirectly by estimating the content and the dissociation curve of carbon dioxide in blood and thereby determining CO2 dissolved and that combined; it afforded results which checked with those directly estimated. Besides the O2 and CO content of blood were also measured. The behaviour of the O2, CO2, and CO con tent in blood during CO intoxication coincides wholly with the previous findings of Mikami.
Rabbits and dogs were experimented on; the results on the former kind of animal are dealt with in the present communication .
METHOD.
No general or local narotic was resorted to throughout the whole course of experiment. At first the rabbit was tied on the table , the carotid artery uncovered, a glass cannula set into it with the artery clamped by means of forceps and the animal freed. When desired a blood sample was taken from the carotid artery directly into a glass cylinder and in fact under par affin oil, the animal being held by the legs in the hands of an assistant . The blood was then rendered incoagulable by stirring gently with feathers , any contact of the blood with air being carefully avoided; in a few cases it was done by adding potassium oxalate . The blood samples were kept in an ice box. In order to avoid the influence of haemorrhage upon the sub jects under investigation the amount of blood withdrawn was limited to as small a quantity as was just sufficient to carry out the measurements , and rabbits of over two kilos were utilized . They were treated for two pre vious days in an apparently similar manner as in the actual experiment with purpose of lessening, by custom , the excitement of the animal at the a is an injection syringe of 1 c. c. content, b an injection shaft with mercury in the hole and a platinum wire, sealed at the bottom and fitted into the capillary part of the syringe. The other closed end of the shaft is opened and elongated with a glass tube of about the same diameter for the purpose of let ting in mercury.
d is a small three way tap, which is fused with the capil lary part of the syringe a.
The tube and shaft of the syringe must be closely fitted together.
Use: Through the tube and the outlet branch f of the three-way tap hydrogen gas is driven for 5 minutes from an electrolytic hydrogen generator. The shaft b is then put into the tube a and the cock d is turned so that the hydrogen gas mixed with a small quantity of air passes out through the outlet branch e. After repeating three or more times sucking into the tube and letting out by way of the free branch e of the gas, about 0.05 c. c. of pure hydrogen gas is let into the tube under atmospheric pressure, which is controlled by the manometer placed between the electrode and the generator; then the shaft is held by means of a pinch cock at that level. Then the cock d is turned so that the branch e is opened and the branch f is connected with the blood under paraffin oil, a rub ber tube is attached to outlet e, then by means of this blood is sucked up and a small quantity is thrown away through the branch e, to avoid the blood, if any, exposed to air. Now 0.5 c. c. of blood is sucked up into the tube, and the branch f connected with the calomel electrode with intermediation of the vessel of the saturated KCl-solution. All the cells are then immersed in the water bath, the temperature of which is adjusted at will, and the chinbydron electrode is revolved for about ten minutes so as to bring about the equilibrium between the blood and the gas. The surface of the blood in the electrode must be kept at the same height with that of the intermediate KCl solution.
In calculating the dissolved CO2 the tension of water vapour (50 mms. Hg) was deduced from the barometric pressure and the absorption coefficient taken as 92 per cent of that of water.7) Carbon monoxide gas was made by pouring concentrated sulphuric acid into for mic acid, and injected under the skin of the rabbit back.
RESULTS.
One control experiment and 16 CO poisonings were run in toto. In three instances of the latter CO injection was followed by an in terval of eight to thirteen minutes by an intravenous administration of sodium bicarbonate. CO was given only hypodermically . All the data are summarized in the following table, only one protocoll being repro duced as example. A rabbit of 1.95 kilos was prepared for collecting the blood from a carotid artery and in the course of 6 hours the blood was drawn off five times, and the gases and pH were estimated with the values given in the bottom of the table (p. 118).
Both the methods, direct and indirect, of determining pH of the blood, gave similar values, and pH remained practically unaltered throughout the whole course of 6 hours.
The fluctuation in the pH values thus yielded by both usually ran parallel; the pH values given in text of this and following papers are those obtained dectrometrically .
The CO2 and O2 content in the arterial blood decreased with the lapse of time. 3.8 volumes per cent of CO2 and 2.5 volumes percent of O2 were found to have decreased in 5 hours, and the CO2 dissociation curve was also gradually lowered.
The variations in the gas content of blood may be explained by the rise of the body temperature, which was probably evoked by that of the room as the result of heating. That the alkali reserve of blood is influenced by the body temperature is well known. The rate of heart beat did not undergo any alteration of a definite tendency, and the volume of breathing, measured by means of a spirometer, somewhat increased in the later half of the experiment.
CO Poisoning Experiments:
As to the nature of the underlying mechanism whereby the blood alkali is brought about by the oxygen want, as CO It may be however here stated in addition that the last mentioned action of alkali has been not only contested but rather its beneficial effect definitely established by subsequent experinmentalists (Loevenhart and co-workers, and Mikami, etc.). Maeda recently failed to find any influence of the Ringer , the pH of which was made as 2.0-12.5, upon the breathing rate when administered directly on the calamus scriptorius and observed for three minutes.9)
We tried now to poison rabbits, 13 in number, simply by CO , injected subcutaneously, and to examine the pH and gases in the arterial blood systematically. Contrary to previous work of Mikami , in which pH of blood was potentiometrically measured at the room temperature and calculat ed at the body temperature, we came across several instances of alkalosis . The variations in the acid-base-equilibrium of the blood were found , however, never uniform. In 4 instances alkalosis was found throughout the experi ment, extending for 5 hours or more , in 4 cases alkalosis was found in the beginning of CO poisoning, but later acidosis took its place and in the rest (5 animals) the poisoning was followed immediately by acidosis, but in one it was replaced later by alkalosis, while in three acidosis lasted or returned to the initial during the whole period of examination . These multiform variations in the blood reaction remind us of the results of Loevenhart and his co-workers on pigs.
The present data in regard to the breathing will be here at first briefly quoted. Subcutaneous injection of CO, in dose of 560-700 c. c. per animal , was followed in the majority of cases by an acceleration in the breathing rate, which lasted about one hour , very seldom about two hours, then the rate decreased, often below the initial . In the rest no acceleration was 9) Maeda, Nagasaki Igaku Zasshi , 1928, 6, 135.
found. In a few cases (Nos. 14-16), in which the volume of respiration was measured by means of a spirometer, the increase was ambiguous, or rather a decrease. The findings harmonize with those of Mikami. That oxygen want such as CO poisoning does not necessarily alter the respiration has been pointed out by some writers.10) In an earlier paper, Gasser and Loevenhart11) noted that a very small dose of CO evokes an increase in the rate of respiration, but slightly larger amounts a decrease in the rate. And further, on a large dosage of CO the breathing undergoes depression both in rate and depth. Now the data will be presented according to the change of the blood reaction by poisoning. Experiments Nos. 4, 8, 9 and 2 are characterized by the progressive increase of alkalosis in response to CO injection, or the alkalosis was main tained during poisoning of 7 or 2.5 hours respectively. In 4 rabbits, Nos. 3, 5, 6 and 7 alkalosis, excessive or slight, set in on injecting CO gas, but on determination made two and four hours later the pH was found decreased, so that acidosis made its appearance sooner or later. Accelerated breathing lasted after CO injection about 1 hour in No. 2, 1.5 hours in No. 3, 2.5 hours in No. 4 and only temporarily in No. 5. The frequency of respira tion of Rabbit No. 6 was pretty frequent from the beginning ; CO injection was thus incapable of accelerating it further; about the same may be men tioned in the case No. 7. In No. 8, the breathing rate was found increased for one hour. In No. 9, also characterized with the progressive alkalosis, the respiration rate before and during one hour after injection remained practically unaltered, and diminished later.
That the hyperventilation itself can evoke a diminution of the CO2 content of blood is the idea acceptable in general. About three decades pre viously Araki came to take it into consideration in explaining the diminu tion of the CO2 content in the blood of dogs intoxicated by CO.
In delving into the causal relation between the hyperventilation and the alkali reserve or the pH of blood, the time relation of their variations 10) Haldane and Poulton, J. of Physiol., 1908, 37, 390; Haldane, Brit. M. J., 1919 II, 65. 11) Gasser and Loevenhart, J. of Pharm. and Exp. Ther., 19(13-)14, 5, 243. 12) Saiki and Wakayama, Hoppe-Seyler's Ztschr., 1901(-2), 34, 96. must necessarily betaken into account. According to Lepper and Mart land13) the pH of blood shows a rapid rise by forced breathing and reaches its acme, 0.2-0.24 above the initial, in 10 to 15 minutes, which is main tained as long as the forced breathing is continued. And as soon as it is stopped, the pH falls rapidly. The alteration in the frequency of respiration occurring after CO in jection did not show any definite difference according as to whether the alkalosis continued or rather increased toward the end of the experiment or was replaced by acidosis.
It may be noted emphatically that in all the cases of this set the animals urinated usually once or twice every hour. It is a well known fact that the kidneys play the part of compensation or variation in the blood reaction slowly but delicately by secreting more acid or more alkaline urine.
The CO2 content in the arterial blood was found decreased on injecting the CO gas subcutaneously; the course of fluctuation in the CO2 content and its extent of reduction were similar to those of Mikami.
The CO2 content commenced to diminish in the blood sample taken a half to one hour after the CO injection; the reduction was small in Exp. 2 and es pecially so in Exp. 3, in which the content before and 30 minutes after in jection was practically the same.
The CO2 content advanced further to decrease, and finally one half or one third of the initial value was found remaining; but 4.5-5 hours after the injection a tendency to recovery was seen in nearly all cases. Only in Exp. 2 the CO2 content found 7 hours after the injection was still smaller in comparison with that taken 4 hours previously.
The extent of reduction in the CO2 content and the velocity with which a tendency to recovery became manifest have no bearing upon the tendency in the fluctuation in the hydrogen ion concentration of the arterial blood, viz. whether or not the alkalosis, resulting from the CO injection, was turned to acidosis.
The O2 content of the arterial blood was reduced to about one half or below a half to one hour after the CO injection, and then still further re duced but slowly, but at the end of 5-7 hours after the injection it was more or less recovered in nearly half of the cases, whereas in the rest the reduc tion progressed further though only slowly.
The content of CO in the arterial blood, which made its appearance on injecting the gas, showed as a whole a reciprocal figure with the O 2 con 13) Lepper and Martland, Biochem. J., 1927, 21, 823 .
tent. In about half of the instances CO showed a tendency to diminish from the blood 5-7 hours after injection.
The dissociation curve of the CO2 in the arterial blood betrayed a marked lowering in 3 cases, in which acidosis became manifest, while with the other it was not the case.
II. Cases of acidosis. (Exps. Nos. 1, 10, 14, 15 & 16.) The 5 animals, quoted here each receiving 420-800 c. c. of CO gas be trayed a different figure in the hydrogen ion concentration other than the rabbits given in the foregoing chapter. That is, the pH of the arterial blood decreased clearly on poisoning with CO gas; and acidosis resulted. At the end of 3.5 or 5 hours after the injection the pH was wholly or nearly restored in Exps. 1 and 10, or a slight alkalosis was discovered in Exp. 16; but in Exp. 15 the pH was still decidedly small at the end of 5 hours after the injection, and the remaining animal (Exp. 14) showed a remark able acidosis and eventually death ensued within a short time such as one hour of poisoning. On injecting the gas the respiration decreased decidedly; before poisoning the volume of respiration was estimated as 2-2.4 liters per minute, and when it was measured 17 minutes after the gas injection it was found as 0.32 liter per minute; about twenty minutes later it was estimated as 0.9 liter, but the animal breathed with great distress, the skeletal mus cles were stiff, and convulsions developed, it gasped and finally respiration failed. The blood scarcely obtained just before the death showed a great diminution of the pH, 6.77 against 7.46 of the initial value. The CO2 content diminished rapidly and remarkably in spite of a great depression in the breathing quantity. At the end of one hour of poisoning only one third of the initial quantity of CO2 was obtained. The diminution of the O 2 content was also excessive, and a large amount of CO gas was found exist ing in the arterial blood. A similar scale in the variation of the gases in the arterial blood was also obtainable in another animal (Exp. 15), the blood pH of which also indicated acidosis. A still smaller content of CO2 in the arterial blood, as ten per cent or less, was arrived at in the experi ments of , when a large amount of CO, as 600 or 900 c. c., was subcutaneously applied to rabbits, and in them the acidosis was remarkable. It is highly probable, we believe, that the excessive dimi nution of the CO2 content of the arterial blood is causally associated with the occurrence of severe acidosis. In Exp. 5, quoted in the previous section and characterized by the initial alkalosis, a somewhat greater reduction was discovered in the CO2 content about three hours after CO injection, and at the same time the blood pH was measured as correspondingly reduced. In the rest (3 cases: Exps. 1, 16 & 10) the reduction in the arterial CO2 was not excessive and not different from that quoted in the previous chapter and betrayed alkalosis.
In Experiment 14, which is characterized by excessive acidosis, the respiratory volume was found only highly reduced, never augment ed, as above mentioned. This coincides wholly with a previous descrip tion of Gasser and Loevenhart, 14) that where a large dose of car bon monoxide is administered rapid depression of the center occurs very quickly, and all evidence of primary stimulation is lacking. That with out accelerating the breathing a reduction occurs in the arterial CO2 in cases of CO poisoning has been repeatedly perceived by several investigators. We do not deny that the hyperventilation itself can induce a reduction of the arterial CO2, but the reverse does not necessarily hold true. The re sults of a great number of experiments, done by previous workers, as Loevenhart and co-workers, Mikami and others, and by the present writer, deny decidedly that the hyperventilation is solely responsible for the decrease of the carbon dioxide content of the arterial blood in an animal intoxicated by means of carbon monoxide.
The dissociation curve of the CO2 lowered in the cases where acidosis occurred on CO intoxication. When the alkalosis was replaced by acidosis in the experiments, given in the foregoing chapter, the dissociation curve lowered correspondingly. The decrease was excessive in Exps. 14, 15 and 5, in correspondence with the excessive diminution in the blood pH and the arterial CO2 content.
In conclusion it may be added that in the cases of acidosis the animals urinated only seldom, that is the urination took place only towards the end of the experiment or not at all. This contrasts with the finding in the cases of alkalosis. And this matter might have some significant bearing upon the outcome of the experiment in relation to the blood hydrogen ion con centration and other matters; it is highly regrettable that no endeavour was made to determine the urine secretion in the present researches .
III. NaHCO3 administration (Exps. XI , XII & XIII).
It is definitely established, that sodium bicarbonate acts to increase the arterial CO2 and the blood pH. In 3 rabbits , 8-13 minutes after giving 14) Gasser and Loevenhart, (11), p. 245. the CO gas 4 per cent solution of sodium bicarbonate was injected slowly into the ear vein in a dose of 15 c. c. per animal, a matter of 2 to 5 minutes. This resulted in an increase in the CO2 content and the pH in the arterial blood in two experiments, while they were found decreased in Exp. 12 8 minutes after the alkali administration, but only on a small scale. The dose of NaHCO3 given in Exp. 12 is smaller than the others, if reckoned to body weight. The increase of the arterial CO2 and its duration were in general far inferior to the values found by Mikami in similar experi ments (p. 264-265). The differences are due to those of the dosage of the CO gas and the alkali, administered.
Of the reduction in the O2 content and the quantity of the CO gas de tectable on the CO injection there was nothing differing from the poisoning experiments without alkali administration. The alkali administration never acted detrimentally to the life of the animal, but rather beneficially. The animals well survived the CO poisoning, in contrast with those non treated.
SUMMARY.
In the present investigations the hydrogen ion concentration in blood was determined by means of the chinhydron electrode and gasanalytic method as well. In the former, too, the measurement was conducted at the body temperature of the rabbit at the moment of taking the blood sample.
Rabbits were poisoned by injecting CO gas subcutaneously in a dose of 420-700 c. c. The gases in the blood, CO2, O2 and CO, the CO2 capacity and the pH of blood were simultaneously determined for the blood samples taken from time to time.
The chief results may be stated as follows:
The CO injection resulted in a fluctuation in the blood pH, but the direction of fluctuation was variable; that is, in some cases alkalosis occurred, and lasted or progressed for several hours or turned towards acidosis after a lapse of a few hours, and in the other cases acidosis only resulted.
The arterial CO2 decreased on the CO injection, and in the cases of severe acidosis it was rapid and remarkable. In the majority of cases an acceleration occurred in the rate of respiration on injecting CO, but only for a short interval of time, and in the other cases no acceleration took place. And in the cases of severe acidosis, where the arterial CO2 was excessively lost, no hyperventilation occurred or else the volume of ventilation was con siderably depressed.
It may be noted further that in the cases of acidosis urination occurred only seldom, contrary to those of alkalosis.
Administration of NaHCO3 to the animal under the influence of CO gas acted to increase the arterial CO2 and pH for a while, and was beneficial to the life of the animals.
